ABSTRACT: In the Itacambira-Monte Azul block (BIMA) the Archean rocks are represented by tonalite-trondhjemite-granodiorite (TTGs) of the
Petrography, geochemistry and geochronology of the potassic granitoids of the Rio Itacambiruçu Supersuite: implications for the Meso-to Neoarchean evolution of the Itacambira-Monte Azul block
INTRODUCTION
A considerable portion of the present-day continental crust was built early in the evolution of the planet; it is widely accepted that approximately 50% of the crust was consolidated before 2.5 Ga (Armstrong 1981 , Belousova et al. 2010 , Dhuime et al. 2011 , Guitreau et al. 2012 . Important changes in the composition of the crust and crustal-building mechanisms occurred at the end of the Archean, mainly between 3.0 Ga and 2.5 Ga. During this period, the dominantly sodic crust of Paleoarchean tonalite-trondhjemite-granodiorite (TTG) complexes began to exhibit a granitic and predominantly potassic signature (Martin et al. 2005 , Moyen et al. 2003 , Laurent et al. 2014 , Halla et al. 2017 . These potassic-rich rocks represent at least 20% of the total exposed Archean rocks and consist of different types of granitoids (e.g., sanukitoids, biotite and two-mica granites, peralkaline granitoids) that mark the thermal stabilization of the Archean lithosphere (Moyen et al. 2003 , Laurent et al. 2014 . Although they are more common in the Neoarchean, the occurrences of these potassic granitoids are not restricted to this era, since Mesoarchean potassic granitoids have been described, for example, in the Pilbara (Smithies & Champion 2000) and Amazonas cratons (Almeida et al. 2010 (Almeida et al. , 2013 .
The Brazilian counterpart of the São Francisco-Congo paleocontinent is part of the Atlantic shield, which is exposed in the South American platform and records an evolutionary history ranging from the Paleoarchean to the Paleoproterozoic (Almeida 1977 , Alkmim et al. 1993 Alkmim et al. 2006) . (B) Simplified geological map highlighting the Archean and Paleoproterozoic assemblages that integrate both the basement of the São Francisco craton and the Araçuaí orogen (modified from Silva et al. 2016 and Cruz et al. 2016) .
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end of global Paleoproterozoic orogenic events, in which several Archean blocks were amalgamated together during the Siderian-Orosirian periods (Alkmim 2004) . During the Neoproterozoic, some orogenic events that culminated in the formation of the Gondwana supercontinent reworked the edges of the São Francisco-Congo paleocontinent. As a result, the crustal segments that were not affected by this deformation became integrated within the substrate of the São Francisco-Congo craton, while the reworked areas integrated the substrate of the Neoproterozoic orogens that developed in the margins of this cratonic domain (Almeida 1977, Alkmim et al. 1993) (Figs. 1B and 1C) . In recent years, several studies have paid special attention to the Archean evolution of the Brazilian counterpart of the São Francisco-Congo craton basement (e.g., Martin et al. 1997 , Barbosa & Sabaté 2004 , Farina et al. 2015 , Zincone et al. 2016 , Moreno et al. 2017 . However, the Archean basement of the Neoproterozoic orogens bordering the São Francisco craton, especially the Araçuaí orogen (Figs. 1B and 1C), has not been well studied. In these areas, most investigations are regional in their scope (e.g., Silva et al. 2002 , Noce et al. 2007 , Silva et al. 2016 .
A considerable part of the Archean basement of the Araçuaí orogen is exposed in the Itacambira-Monte Azul block (BIMA) , along the eastern border of the São Francisco craton (Figs. 1 and 2). In this region, the Archean basement is represented by the TTG gneisses of the Porteirinha Complex and by some granitoids that have been grouped in the Rio Itacambiruçu Suite (Grossi-Sad et al. 1997) . The Rio Itacambiruçu Suite comprises several plutons that were defined by Grossi-Sad et al. (1997) as: the Pedra do Urubu pluton (PUp), the Rio Gorutuba pluton (RGp), the Barrocão pluton (BAp) and the Lagoa Nova pluton (LNp) (Fig. 2) . However, these rocks have not been thoroughly studied yet, and very little data for these rocks have been published (Silva et al. 2016) . To characterize the tectonic nature of the magmatism of the Rio Itacambiruçu Suite, this work presents new petrographic and geochemical data for the PUp, RGp and BAp, in addition to a new geochronological analysis of the PUp. The results obtained in this study represent a first step for further investigations of these plutons and provide a better understanding of the Archean evolution of the BIMA.
GEOLOGICAL SETTING
The Archean and Paleoproterozoic basement rocks of the São Francisco-Congo paleocontinent occur in the São Francisco craton and the bordering Neoproterozoic orogenic tectonic domains (Figs. 1B and 1C) . In the cratonic domain, the basement rocks crop out in the Archean core of the southern portion of the São Francisco craton, the Gavião, Serrinha and Jequié blocks, the Mineiro and ItabunaSalvador Curaça belts and the Western Bahia magmatic arc (Figs. 1B and 1C) (Cruz Pereira et al. 2016 , Barbosa & Barbosa 2017 , Alkmim & Teixeira 2017 ). In the northern São Francisco craton, the Gavião, Jequié and Serrinha blocks show distinct Archean evolutionary histories, as the amalgamation of these microcontinents occurred during the course of the Paleoproterozoic (Barbosa & Sabaté 2004 . To the east of the São Francisco craton, in the tectonic domain of the Araçuaí orogen, the basement is generically characterized by granite-gneiss complexes that were partly reworked and dismembered during the Neoproterozoic orogeny, which caused these units to be exposed in the external (Araçuaí fold and thrust belt) and internal (Araçuaí metamorphic nucleus) subdomains of this orogen (Noce et al. 2007) . In this orogen, the main exposures of basement rock terrains are located in the eastern edge of the Quadrilátero Ferrífero (QF), in the Mantiqueira and Juiz de Fora complexes, at the southern segment of the orogen, and in the Guanhães, Gouveia and BIMA blocks, in its central-northern segment (Alkmim 2004 , Noce et al. 2007 (Figs. 1B and 1C) .
The BIMA is approximately 240 km long by 30-40 km wide and borders the eastern portion of the São Francisco craton; it is part of the Espinhaço fold and thrust belt in the outer zone (peri-cratonic region) of the Araçuaí orogen ( Fig. 1C ) , Alkmim et al. 2006 . This Archean/Paleoproterozoic block is bordered by the Paleoproterozoic to Mesoproterozoic metasedimentary rocks of the Espinhaço Supergroup to the east and south, and by the Neoproterozoic metasedimentary rocks of the Macaúbas and Bambuí groups to the west (Drumond et al. 1980 , Grossi-Sad et al. 1997 (Fig. 2) . To the north, the eastern portion of the Gavião block is in contact with the Rio Verde Pequeno shear zone (Bertoldo 1993 , Bersan 2015 . Due to reworking during the construction of the Araçuaí orogen, the zircons of the granitoids exposed within the BIMA have experienced lead loss (Silva et al. 2016) .
The BIMA generally comprises the Archean rocks of the Porteirinha Complex and the Rio Itacambiruçu Suite, a volcano-sedimentary sequence of the Riacho dos Machados Group, and several Paleoproterozoic igneous plutons of an undefined nature that have been mapped as the Paciência and Catolé suites , Grossi-Sad et al. 1997 , Knauer et al. 2007 , Bersan 2015 (Fig. 2A) . The predominantly gneissic-migmatitic rocks of the Porteirinha Complex, which have a crystallization age of 3371 ± 6 Ma, are distributed throughout the extent of the BIMA and exhibit a signature that is characteristic of TTG magmas that derivate mainly from the partial melting of a ca. 3.5 Ga primitive oceanic crust, as pointed out by the Nd isotopic results (Silva et al. 2016) . Silva et al. (2016) also reported a first tectonometamorphic regional event in the Porteirinha TTG gneiss, dated at 3145 ± 24 Ma (M1). So far, this is the oldest directed metamorphic event to have been dated in Brazil. Additionally, the same analysis showed a second, less precise, 698 ± 85 Ma (M2) metamorphic age, attributed to the Araçuaí main regional metamorphic event.
The main exposures of the Rio Itacambiruçu Suite occur in the central-southern portion of the BIMA and consist of several granitoid plutons, the studies of which are mainly based on petrographic and structural descriptions performed following regional-scale mapping, with few geochemical and geochronological interpretations (Drumond et al. 1980 , Grimarães et al. 1993 , Grossi-Sad et al. 1997 . These granitoid bodies comprise the PUp, RGp, BAp and LNp plutons ( Fig. 2A) . According to Grossi-Sad et al. (1997) , the Rio Itacambiruçu Suite is composed of equigranular to porphyritic granitoids. The modal compositions of these rocks reflect the predominance of granitic lithologies, as their main mineralogy comprises quartz, feldspars and subordinate biotite with variable proportions of muscovite/sericite. Sometimes, these granitoids may exhibit a prominent foliation defined by the orientation of mafic minerals. In addition, N-S-trending centimetric to decimetric shear zones can also affect these rocks. The contact between the Rio Itacambiruçu Suite and the Porteirinha Complex is rarely observed and has been defined as intrusive by Guimarães et al. (1993) and Grossi-Sad et al. (1997) . These authors have also described evidence of localized migmatization processes that are imprinted over the rocks of this suite. Recently, a sample of the BAp syenogranite was analyzed by Silva et al. (2016) , for which an upper intercept age of 2657 ± 25 Ma (U-Pb SHRIMP) was obtained and interpreted as the crystallization age of this rock. The results show chemical and isotopic signatures (negative εNd (-2.66), depleted-mantle model age -TDM of 3.28 Ga) suggesting a crustal-like source that may have been generated from the partial melting of the TTGs of the Porteirinha Complex.
The Riacho dos Machados Group, whose age is not established in the literature, corresponds to a meta-volcano-sedimentary sequence that predominantly comprises a diverse series of schists that have been metamorphosed at amphibolite facies , Fonseca et al. 1996 , Grossi-Sad et al. 1997 . The lithogeochemical signature of the basal volcanic units in this sequence indicates an association compatible with an island arc environment (Fonseca 1993 , Fonseca et al. 1996 . The contact between the Rio dos Machados Group and the granitoids of the Rio Itacambiruçu Suite is tectonic and is marked by reverse shear zones (Fonseca et al. 1996 , Grossi-Sad et al. 1997 ; Fig. 2A) .
The Rhyacian to Orosirian Paciência and Catolé suites, respectively (Silva et al. 2016) , are interpreted as the youngest granitoids exposed within the BIMA (Grossi-Sad et al. 1997) . Generally, the Paciência Suite involves syenitic, monzonitic and granitic rocks of an alkaline nature, while the Catolé Suite comprises calc-alkaline granodiorites and granites that are more evolved and differentiated ( Fig. 2A) .
ANALYTICAL METHODS
The field campaign aimed to describe the key outcrops of PUp, RGp and BAp and to collect samples for petrographic, lithochemical and geochronological analyses (Fig. 2) . The thin sections used for petrographic characterization were made at the Geology Department of the Universidade Federal de Ouro Preto (DEGEO-UFOP). A total of 12 samples without evidence of weathering were collected for whole-rock major and trace element analyses. One sample was collected from PUp for U-Pb zircon geochronologic analysis.
The initial preparation of whole-rock lithochemical samples was carried out in the sample preparation laboratory (LOPAG) of DEGEO-UFOP. The selected samples were first cleaned to remove any weathering rinds or other contaminants. After this initial process, the samples were crushed and then powdered. Sample powders were analyzed at ACME Analytical Laboratories Ltda./Bureau Veritas Mineral Laboratories. Major and trace element concentrations were determined using Inductively Coupled PlasmaAtomic Emission Spectroscopy (ICP-AES) and Inductively Coupled Plasma -Mass Spectrometry (ICP-MS), respectively. The detection limits are 0.01% for major oxides and 0.1 ppm for most trace elements. For major oxide contents, the samples were digested with nitric acid and then fused using lithium metaborate/tetraborate. The loss on ignition (LOI) was calculated based on the weight difference after the samples were placed in an oven at a temperature of 1,000ºC. Prior to ICP-MS analysis, which was used to measure the concentrations of trace elements, including rare earth elements, the samples were leached in hot Aqua Regia (95ºC). Data were treated using Microsoft Excel spreadsheets and the GCDkit software (version Win 3.00 of 2013; Janousek et al. 2006) .
For the U-Pb geochronological analyses, approximately 15 kg of the PUp sample were subjected to the usual processes of comminution (crushing and grinding) and concentration of heavy minerals at LOPAG-DEGEO-UFOP. Zircon grains were handpicked under a binocular microscope, mounted in epoxy disks, and then polished to expose the grain centers. The morphological features and internal structures of zircon grains were analyzed via backscattered electron (BSE) and cathodoluminescence (CL) images obtained at the Universidade de São Paulo (USP) microscopy laboratory using an scanning electron microscope (SEM) (JEOL 6510). U-Pb isotopic compositions were analyzed using a Thermo Scientific Element 2 sector field (SF) ICP-MS equipped with a CETAC LSX-213 G2 + laser ablation system in the laboratory of radiogenic isotopes of DEGEO-UFOP. The GJ1 (Jackson et al. 2004) and BB (Santos et al. 2017) standards were used to test the validity and reproducibility of the results obtained (supplementary table 1). Data were reduced using the Glitter Shortcut software (Van Achterbergh et al. 2001) , and all ages were calculated and plotted on concordia diagrams using IsoplotEx 4.15 software (Ludwig 2003) . The common Pb correction methodology is similar to that described by Farina et al. (2015) .
RESULTS

Petrography
The PUp (BTV-134) and RGp (BTV-205) rocks are petrographically distinct from the BAp rocks (BTV-110). The PUp (Figs. 2B and 2C) and RGp (Figs. 2D and 2E) rocks dominantly comprise gray/grayish inequigranular granitoids (medium-to coarse-grained) that sometimes exhibit porphyritic texture. These granitoids generally have a massive texture, although foliated and mylonitic rocks have also been described. The studied PUp and RGp samples typically contain quartz (30-40%), plagioclase (30-35%), microcline (20-30%), and biotite (2-15%), with subordinate quantities of titanite, allanite, epidote, zircon, apatite and opaque minerals, thus encompassing the modal classification of granodiorites (PUp) and monzogranites (RGp). White mica and sericite (formed by the weathering of feldspars or replacing biotite), chlorite (replacing biotite), and calcite (formed by the breakdown of plagioclase) occur as secondary phase minerals, which also include epidotes generated from the saussuritization of plagioclase. A considerable decrease in the modal proportions of biotite, magmatic epidote, allanite, titanite and zircon is observed between the PUp and RGp rocks, with the latter being dominated by leucocratic phases.
The BAp rocks ( Fig. 2F ) are medium-grained leucogranites that are enriched in K-feldspars and depleted in biotite (almost absent) compared to the PUp and RGp rocks. These rocks are classified as syenogranites, and their modal compositions comprise quartz (~40%), microcline (35-45%), plagioclase (up to 25%) and biotite (<2%). Their accessory minerals include zircon, apatite, titanite, epidote and opaques; their secondary minerals phases are similar to those described in PUp and RGp.
In general, the quartz grains are anhedral with undulating extinction in some sections and ranging in size from 2 to 5 mm (Figs. 3A, 3B and 3C). The plagioclase grains are subidiomorphic with variable sizes. They can exhibit polysynthetic twinning and are mostly sericitized, showing a cloudy alteration appearance in thin sections (Figs. 3A, 3B and 3C). The K-feldspars include microcline crystals with or without perthitic exsolution textures. The microcline grains are anhedral to subhedral and inclusions of quartz, plagioclase, biotite and some accessory phases are a common feature (Fig. 3C ). Brown biotite is the only mafic mineral phase described in these rocks; it occurs as anhedral to subhedral flakes dispersed within the interstices of crystals of feldspars and quartz (Figs. 3A, 3D and 3E); in some deformed samples, foliation planes are well defined by this mineral. Subhedral to euhedral magmatic epidote and titanite are associated with biotite and allanite (Figs. 3D, 3E and 3F). Sometimes, radial fracture patterns occur in the regions surrounding euhedral allanite crystals bordered by plagioclase.
Whole-rock geochemistry
As discussed in the petrographic description, the presence of secondary sericite, chlorite and epidote is indicative of some degree of post-magmatic alteration. To verify the degree of weathering that the granitoid rocks experienced, we used the chemical index of alteration (CIA; molar [Al 2 O 3 / (Al 2 O 3 + CaO* + Na 2 O + K 2 O)]; Nesbitt and Young 1982) and the MFW diagram proposed by Ohta and Arai (2007) . The CIA values of the studied samples vary between 50 and 52.5 (Tab. 1) and are within the range of fresh granitoids suggested by Nesbitt and Young (1982) . The MFW diagram also indicates that these rocks experienced an insignificant degree of weathering, since the studied samples plot along the fresh igneous rock trend (Fig. 4) . These results, together with their low LOI values (<1 wt%), suggest that these granitoids did not undergo significant chemical changes and that the geochemical data obtained here can be used for genetic interpretations.
The PUp, RGp and BAp rocks are classified as granites based on the Na 2 O + K 2 O versus SiO 2 diagram of Cox et al. (1979) (Fig. 5A) . Their An-Ab-Or normative classification (O'Connor 1965) plot in the granite field, highlighting their low calcium content (low An) (Fig. 5B) . The analyzed samples have high SiO 2 contents, which range from ~73 wt% for PUp to ~75 wt% for RGp and BAp; moderate concentrations of Al 2 O 3 (13.4 to 14.6 wt%) and varying proportions of K 2 O (3.32 to 5.8 wt%), Na 2 O (3.0 to 3.94 wt%) and CaO (0.8 to 1.65 wt%). In general, the BAp rocks are enriched in K 2 O, with K 2 O/Na 2 O ratios varying between 1.55 and 1.88, whereas the PUp and RGp rocks record lower values (0.84 < K 2 O/ Na 2 O < 1.06) (Tab. 1; Figs. 5C and 6A, 6B, 6C, 6D and 6E).
The analyzed samples are weakly peraluminous (A/CNK = 1.02-1.10) and are classified as high-potassium calc-alkaline n.a n.a n.a n.a n.a n.a n.a n.a n.a n.a Ni <20 <20 <20 <20 <20 <20 n.a n.a n.a n.a n.a n.a n.a n.a n.a n.a P2O5 Frost et al. (2001) , the BAp granitoids are classified as alkali-calcic series rocks, while the PUp and RGp rocks plot in the field of calc-alkaline series rocks (Fig. 5E ). These three plutons contain low contents of ferromagnesian oxides, with their FeO t + MgO values ranging from 0.57 to 2.6 wt.% (Fig. 6) Frost et al. (2001) , the RGp and BAp samples plot in the magnesian field, whereas the PUp samples fall in the magnesian to ferroan transition field (Fig. 5F ). The negative correlation between such as Zr (< 187 ppm), V (< 21 ppm), Ni and Cr (concentrations below the detection limit) were also noticed ( Fig. 7 and Tab. 1). On the trace element Harker diagrams, the PUp and RGp granitoids generally have higher concentrations of Ba and Sr, whereas the BAp rocks tend to have higher concentrations of Rb (Figs. 7A, 7B, 7C ). In terms of high field strength elements, such as Zr and Y, PUp records concentrations that are up to twice as high as those of the other samples (Figs. 7D and 7E) . Therefore, the Sr/Y ratios of the PUp samples (~3 to 4) are lower than those of the RGp (~7 to 14) and BAp (~7 to 12) samples (Fig. 7F) .
The chondrite-normalized rare earth element (REE) spider plots (Boynton 1984) show fractional patterns for the three plutons, with a slight enrichment in light rare earth elements (LREE) relative to heavy rare earth elements (HREE). However, the PUp samples are enriched in REE, especially in HREE (Fig. 8A) . Thus, the La N /Yb N ratios of BAp (17.85 to 53.82) and RGp (10.74 to 28.76) are higher than those of PUp (with ratios ranging from 5.17 to 8.91; Tab. 1). Negative Eu anomalies are a common feature, with Eu/Eu* ratios ranging from 0.49 to 0.72; however, these ratios are relatively lower in the PUp rocks ( Fig. 8A and Tab. 1).
The primitive mantle-normalized (McDonough & Sun 1995) spider diagrams (Fig. 8B ) exhibit the enrichment of large ion lithophile elements (LILE) and the depletion of some high field strength elements (HFSE) in all granitoid rocks. Negative anomalies of Ba, Sr, Nb, P and Ti are a common feature. The negative anomalies of Ba and Sr, with negative Eu anomalies, would suggest feldspar fractionation. P and Ti anomalies may also be indicative of apatite and Fe-Ti oxides fractionation, which are also supported by the negative correlation between P 2 O 5 and TiO 2 with silica.
Zircon U-Pb geochronology
Zircon grains collected from a granodiorite of the PUp (sample no. BTV-134) were analyzed using LA-ICP-MS to examine their magmatic ages. A total of 25 analyses were performed, 7 of which showed concordance between 95 and 100% (Tab. 2). The CL images and analytical spots with the results of U-Pb dating are presented in Figure 9 . The zircon grains are euhedral, brownish to translucent, and show oscillatory zoning and aspect ratios ranging from 1/2 to 1/3, thus suggesting that they experienced magmatic crystallization. In addition, the high Th/U ratios of the zircons (0.22-0.83; Tab. 2), with an average value of 0.34 for the most concordant spots, indicate that these zircons are magmatic. The results provided an upper intercept age of 2929 ± 7.0 [± 11] Ma (mean square weighted deviation -MSWD = 0.82) (Fig. 9) . Ten zircon grains with concordance between 90 and 100% yielded a 207 Pb/ 206 Pb weighted mean age of 2913.6 ± 6.9 Ma (MSWD = 0.73; probability of concordance = 0.69). The concordia age of 2917.5 ± 9.2 (MSWD = 0.083; probability of concordance = 0.77) was calculated based on the results of five analyses and coincides (within error) with the upper intercept age; it is interpreted to represent the crystallization age of the PUp granodiorite (Fig. 9) . The lower intercept age of 533 ± 25 Ma is interpreted to be related to lead loss, i.e., to the opening of the U-Th-Pb system during the construction of the Araçuaí orogen in the Brasiliano event (Neoproterozoic). An interesting feature of these samples is the absence of inherited zircons.
Zircon and apatite saturation temperatures
The initial temperatures of silicate magmas can be estimated using the zircon saturation thermometry method (TZr) (Watson & Harrison 1983) . Experimental studies have shown that the solubility of zircon in a felsic and not peralkaline magma depends almost exclusively on the temperature and composition of the magma, especially in relation to its concentrations of Na, K, Ca, Al, Si and Zr; the effects exerted by pressure can be considered to be insignificant. Here, TZr were calculated from whole rock following the approach of Watson and Harrison (1983) (Miller et al. 2003) . Thus, the magmas from which these rocks were originated could have reached higher temperatures, and the obtained zircon saturation temperatures indicate the minimum temperature of these magmas.
Apatite saturation temperatures (TAp) are calculated as a function of SiO 2 content in melt composition and the distribution coefficient of phosphorus between apatite and melt (following Harrison & Watson 1984) . As apatite show elevated solubility in peraluminous granitic melts, the correction proposed by Bea et al. (1992) was used to avoid overestimated temperatures. The TAp is slightly higher than TZr, suggesting earlier apatite saturation. Much like the TZr, TAp are higher for PUp (with a mean temperature of 857ºC) than RGp and BAp (with mean TAp at 781 and 764ºC, respectively). and relative enrichment in LILE over HFSE, as well as the negative Eu anomalies and negative peaks in Ba, Nb, P and Ti observed on primitive mantle-normalized spider diagrams (Figs. 6, 7 and 8; Tab. 1). However, although all of the studied pluton samples plot in the field of high-potassium rocks on the Gill (1981) diagram (Fig. 5C) , the BAp syenogranites are more enriched in potassium (with K 2 O/ Na 2 O ratios ranging from 1.55 to 1.88) and depleted in CaO and ferromagnesian oxides relative to the rocks of PUp and RGp, which record relatively lower K 2 O/Na 2 O ratios (between 0.84 and 1.06) for the same range of SiO 2 values. Therefore, the studied rocks can be separated into two groups based on their K 2 O/Na 2 O ratios (Tab. 1): the rocks of the BAp are classified in a group that is highly enriched in potassium, whereas the PUp and RGp rocks are classified in a medium-potassium group with K 2 O/Na 2 O ratios that are close to one (Fig. 6E) .
On the magmatic series classification diagram proposed by Frost et al. (2001) , the rocks of the medium-and high-potassium groups plot in different fields (Fig. 5E ). According to Frost et al. (2001) , rocks of the same magmatic suite tend to exhibit subparallel trends during the differentiation of the source magma. According to the authors, this feature may occur due to a high degree of magmatic differentiation. The results show that the studied plutons already have a high differentiation index, as they record SiO 2 contents that are higher than 72 wt%. The K 2 O/Na 2 O and FeOt + MgO versus SiO 2 diagrams indicate that it is unlikely that the process of magmatic differentiation was responsible for the lithochemical differences observed between the mediumand high-potassium groups (Figs. 6E and 6F ). On these diagrams, it is possible to observe a clear correlation between the results of the PUp and RGp samples, which suggests that these rocks experienced the same magmatic evolution.
However, no relationship with BAp can be established, since at the same SiO 2 concentration, the concentration of K 2 O is much higher. Thus, the hypothesis that the rocks belonging to the high-potassium group resulted from the extreme differentiation of the same source magma as the medium-potassium rocks can be discarded. In this case, it is possible to assume that the granitoids in the medium-and high-potassium groups are related to different magmatic sources.
The U-Pb crystallization age obtained for the PUp granodiorite, 2917.5 ± 9.2 Ma (Fig. 9) , indicates that the rocks of the medium-potassium group were formed by an important magmatic event that reached the BIMA during the Mesoarchean. In this work, the U-Pb dating of the high-potassium-group rocks was not performed. However, Silva et al. (2016) obtained a crystallization age of 2657 ± 25 Ma (U-Pb SHRIMP) for a syenogranite of the BAp. The K 2 O/Na 2 O ratio (1.6) of this syenogranite is similar to that of the high-potassium group defined in this work. Considering this age to represent the crystallization age of the entire high-potassium group, it is clear that the genesis of the medium-and high-potassium groups should be distinct, as it is expected based on the interpretation of the lithochemical data. This interpretation suggests that the BIMA records at least two magmatic events that generated potassic granitoids: one occurred during the Mesoarchean and the other occurred during the Neoarchean. In addition, the lower intercept ages obtained for the PUp, at 533 ± 25 Ma, and BAp, at 622 ± 68 Ma (Silva et al. 2016) , indicate that these rocks were affected by the Brasiliano event during the evolution of the Araçuaí orogen.
Classification and petrogenesis of the Pedra do Urubu, Rio Gorutuba and Barrocão plutons
When comparing the geochemical signatures of the granitoids studied here with those of the main Archean plutonic lithotypes, it can be noted that the rocks of the PUp, RGp and BAp do not resemble the series of TTG rocks, since their values of K 2 O/Na 2 O (0.84-1.88) and K/Na (0.55-1.24) are higher than those expected for typical TTGs, which tend to be less than 0.5 and 0.3, respectively (Moyen 2011 , Moyen & Martin 2012 . The low Sr/Y ratios (between 3 and 15), the low degree of enrichment of LREE relative to HREE (La N /Yb N values between 5.17 and 28.76), the moderate to high negative Eu anomalies (Eu/Eu* values between 0.49 and 0.70) and the Sr negative anomalies of these granites also contrast with the signatures of TTGs. However, some characteristics resemble those of TTGs, such as the negative anomalies of Nb, Ta, P and Ti observed on the primitive mantle-normalized diagrams. The absence of mafic microgranular enclaves, the low concentrations of ferromagnesian oxides, Ba, Sr and transition elements, and the low Ba/Rb ratios (< 4) obtained in these rocks are incompatible with the signatures of the sanukitoid granitoid series (Shirey & Hanson 1984 , Martin et al. 2009 ) and the Closepet granites (Moyen et al. 2003) .
Both the BAp syenogranites and the PUp and RGp granodiorites and monzogranites are enriched in silica and potassium, with K 2 O/Na 2 O ratios that are always higher than 0.8; they are also depleted in ferromagnesian oxides (FeO T + MgO + TiO 2 + MnO < 3 wt%) and calcium (CaO < 1.8 wt%). In addition, these rocks show negative Eu anomalies, low to moderate degrees of REE fractionation and relative enrichment in LILE and the depletion of HFSE and transition elements. These characteristics, in addition to the absence of primary muscovite, are similar to those described in highly potassic biotite granite signatures in several Archean blocks around the world (e.g., Moyen et al. 2003 , Champion & Smithies 2007 , Feio et al. 2013 , Mikkola et al. 2012 , Almeida et al. 2013 , Laurent et al. 2014 , Farina et al. 2015 , Fu et al. 2017 .
Figures 10A and 10B present the ternary classification diagrams for Archean granitoids proposed by Laurent Moyen et al. (2003) . On both diagrams, the rocks of the high-potassium group, which are represented by the BAp syenogranites, plot in the biotite granites field. The medium-potassium group granitoids also plot in the biotite granites fields. However, on both diagrams, these rocks plot in regions where the overlapping of distinct fields occurs. In the Laurent et al. (2014) diagram, these rocks plot in the overlapping region between the fields of the biotite granites and hybrid granites, whereas in the Moyen et al. (2003) diagram, they plot where the field of biotite granites overlaps the field of sanukitoids and enriched TTGs. As previously discussed, the classification of these rocks as TTGs or sanukitoids can be ruled out. Thereby, since there is no evidence of magma mixing or mingling which would make it possible to classify the medium-potassium group rocks as hybrid granitoids, these rocks are also classified as high-K biotite granites.
The origin of the Archean high-potassium granites is commonly attributed to the reworking of ancient continental crust. Some works have suggested the participation of mantle material in the source of these granites (Ridley et al. 1997 , Whalen et al. 2004 . If these rocks had a mantle-enriched source, they should have higher Mg# values and higher values of CaO, MgO + FeOt, LILE (mainly Ba and Sr), V, Ni and Cr. Thus, it is unlikely that the granitoids analyzed in this work could be related to materials of mantle origin. The partial melting of meta-mafic rocks has also been proposed as a probable source for these granitoids. Experimental studies have shown that the products of the partial melting of low-K mafic rocks are not as enriched in K 2 O, with lower concentrations than those obtained here for the high-and medium-potassium groups (Beard & Lofgren 1991 , Rapp & Watson 1995 . Sisson et al. (2005) show that the partial melting of medium-to-high-K basaltic rocks may produce granitoids enriched in potassium. However, as present in the ternary classification diagram of Figure 11 , the granitoids of PUp, RGp, BAp plot away from the field of granitoids originated by partial melting of high-K mafic rocks.
As highlighted by Laurent et al. (2014) , several studies have suggested that the genesis of biotite granite is related to the partial melting of rocks with TTG signatures (e.g., Martin et al. 1997 , Champion & Sheraton 1997 , Whalen et al. 2004 , Frost et al. 2006 , Manya et al. 2007 , Dey et al. 2012 , Mikkola et al. 2012 , Almeida et al. 2013 , Manya 2016 . Such interpretations have been corroborated by experimental modeling studies in which high-potassium granitoids were generated from the partial melting of tonalites (with or without the presence of fluids) (Skjerlie & Johnston 1992 , Skjerlie et al. 1993 , Castro 2004 , Patiño Douce 2005 , Watkins et al. 2007 . In these experiments, the results of partial melting depend on both the composition of the starting material and the experimental conditions.
The ternary diagrams in Figures 5B, 11A and 11B illustrate the relationship between the granitoids of the mediumand high-potassium groups in this work and the granite TTG: tonalite-trondhjemite-granodiorite. Moyen and Martin (2012) , since only the major oxide results were available for these samples. (B) Ternary classification diagram for Archean granitoids proposed by Moyen et al. (2003) . The black dashed line indicates the average composition of the kfs-bearing granitoids from Farina et al. (2015) . The blue dashed line indicates the average composition of the transitional TTGs from Farina et al. (2015) . Farina et al. 2015) with comparison between the compositions of the high and medium potassium groups granitoids and the compositions of experimental glasses generated by the partial melting of tonalitic and granodiorite rocks. (B) Ternary diagram proposed by Laurent et al. (2014) for classification of potential magmatic sources for Archean granitoids. The fields represent the composition of magmas derived from several potential sources (Laurent et al. 2014, for references) . The black dashed line indicates the average composition of the kfsbearing granitoids from Farina et al. (2015) . The blue dashed line indicates the average composition of the transitional TTGs from Farina et al. (2015) . A B fields generated by the partial melting of tonalities in various experimental studies. In these figures, the reference materials used in several experimental works and the lithochemical results of the TTG gneisses of the Porteirinha Complex, which are the country rocks of the BAp, PUp and RGp rocks, are also plotted for comparison purposes. In these figures, the granitoids of the medium-potassium group plot in the field of the experimental results obtained by Watkins et al. (2007) and Patiño Douce (2005) for the fluid-absent partial melting of tonalites. It is noted that the compositions of two TTG samples from the Porteirinha Complex are very close to the composition of one of the reference materials used by Watkins et al. (2007) . The reference material used by Patiño Douce (2005) has a composition that is quite different than that of the TTGs of the Porteirinha Complex. Thus, the experimental results obtained by Patiño Douce (2005) cannot be used to explain the genesis of these rocks.
According to Watkins et al. (2007) , tonalities with K 2 O/ Na 2 O ratios of < 0.34 may not be fertile enough to generate potassic granitoids. In this work, the partial melting of tonalites with K 2 O/Na 2 O ratios between 0.29 and 0.34 produced melts with K 2 O/Na 2 O ratios between 0.39 and 1.51. The K 2 O/Na 2 O ratios of the Porteirinha Complex TTGs range from 0.31 to 0.54; they may thus be sufficiently fertile for the production of the less differentiated granitoids of the medium-potassium group, the ratios of which vary between 0.84 and 1.0. Nevertheless, as the Porteirinha TTG gneisses represent the country rock of the studied granitoids, it is difficult to think they are also the source of these granitic magmas. Therefore, the source rock of the studied rocks could be similar in composition to the Porteirinha gneisses. The significant negative Eu anomalies and the low Sr/Y ratios of the samples of the medium-potassium group indicate the retention of plagioclase at the source, which is consistent with the results of Watkins et al. (2007) , who observed a plagioclase-rich residual assemblage after partial melting. The retention of the plagioclase at the source, coupled with the low fractionation of REE and the low concentrations of Sr, indicate low-pressure conditions at the source (Watkins et al. 2007) . The mean TAp and TZr W&H values obtained for the PUp rocks vary between ca. 857 and 797ºC, respectively, and are slightly lower than the temperatures required for the partial melting of TTGs under anhydrous conditions (Skjerlie & Johnston 1992 , Castro 2004 , Patiño Douce 2005 , Watkins et al. 2007 . However, as discussed earlier, these are the estimated minimum temperatures for the initial magma temperatures. Thus, the initial temperature of the PUp could have reached the necessary temperatures required for the partial melting of TTGs under anhydrous conditions. Moreover, the presence of perthitic microcline and interstitial biotite suggests relatively anhydrous conditions at high temperatures (Philpotts 1990 , Misra et al. 2017 . These data indicate that the PUp granitoids originated from the partial melting of TTGs, whose signatures are similar to the Porteirinha Complex gneisses, under conditions of relatively low pressures and high temperatures. The fractionation of this magma would have generated the RGp granitoids. The PUp samples show major oxide concentrations that are comparable to those of the RGp, but tend to be more enriched in REE and have more pronounced negative Eu anomalies. As the partition coefficients of the REE (with the exception of Eu) for the main mineralogy of these rocks are very low, it is probable that the fractionation of accessory minerals exerted a strong control on this variation. In fact, the decreases in the modal proportions of magmatic epidote, allanite, titanite and zircon between the PUp and RGp rocks are remarkable. The decrease in the TAp and TZr values from PUp to RGp indicates that the fractionation of these accessory mineral phases controlled this variation in REE concentrations between the rocks of the medium-potassium group. Recently, Fu et al. (2017) concluded from a geochemical modeling study that the fractionation of accessory mineral phases, such as titanite, allanite, epitote, apatite and zircon, can lead to a decrease in REE concentrations during the fractional crystallization of a single magma.
As observed from the rocks of the medium-potassium group, the syenogranites of the high-potassium group record restricted chemical variations at high levels of SiO 2 . In the diagram in Figure 5B , the high-potassium-group rocks plot in the fields of the experimental results obtained by Castro (2004) and Patiño Douce (2005) and close to the field of Skjerlie and Johnston (1992) . However, these experimental results are enriched in potassium and depleted in ferromagnesian oxides compared to the results obtained in this study ( Figure 11A ). The K 2 O/Na 2 O ratios of this group vary between 1.55 and 1.88 and are thus higher than the maximum ratio of 1.51 obtained in the experiments of Watkins et al. (2007) . The Tap and TZr values of these samples are relatively low (mean at 764 and 739ºC, respectively) and match the temperature range of the experiments controlled by the presence of fluids (Castro 2004 , Patiño Douce 2005 , Watkins et al. 2007 . Nevertheless, the melts generated in the fluid-present partial melt experiments show even lower K 2 O/Na 2 O ratios. Thus, the partial melting of rocks that share similar signature with the Porteirinha TTG gneisses, under anhydrous or hydrated conditions, would not be fertile enough to generate the rocks of the high-potassium group. The partial melting of metasedimentary rocks could explain the high concentrations of potassium in these rocks. The absence of primary aluminum-rich minerals and the isotopic signature obtained by Silva et al. (2016) for a sample of the high-potassium group, which has a weakly negative εNd value (-2.66) and a TDM of 3.28 Ga, is not consistent with a metasedimentary source, as more negative εNd values would be expected in that case. Silva et al. (2016) assigned a mixed source to these rocks. However, no field, petrographic and/or geochemical evidences of magma mixing in the generation of these rocks were observed. Recently, in a study of the reworking of granitic continental crust, Carvalho et al. (2016) showed that the partial melting (migmatization) of a protolith with a signature similar to that of the medium-potassium-group granitoids (Figs. 5B, 9 and 11A), under temperature and pressure conditions of 736ºC and 5.1 to 6.1 kbar, respectively, with the participation of aqueous fluids, can produce large volumes of diatextic rocks with signatures similar to those obtained for the rocks of the high-potassium group. Thus it is possible that the generation of the high-potassium granitoids results directly from the fluid-present partial melting of the medium-potassium Mesoarchean granitoids.
New lithodemic classification for the Pedra do Urubu, Rio Gorutuba and Barrocão plutons
As defined by the International Stratigraphic Guide (Salvador 1994) , the term "Suite" should be used to group two or more lithodemic units of the same class; in the case of plutonic granitoid rocks, these units should share common lithologic features. Chappell (1984) described that the same igneous suite should encompass rocks that, in addition to sharing common lithologic aspects, also have the same chemical and isotopic natures. Taking into account these concepts and the results obtained in the scope of this work, the lithodemic classification of the Rio Itacambiruçu Suite proposed by Grossi-Sad et al. (1997) , which encompasses the PUp, RGp, and BAp, does not meet all the requirements for such classification because, although these plutons share common lithologic aspects, some of their genetic and geochronological aspects are different. Our geochemical results allow us to subdivide these granitoids into the medium-and high-potassium groups. In addition, the geochronological results show that these groups have different crystallization ages. Therefore, we propose that the rocks of the medium-potassium group can be inserted in the Pedra do Urubu Suite, thus preserving the name proposed by Guimarães et al. (1993) , and the rocks of the high-potassium group should be integrated into the Barrocão Suite. In order to not discard the term "Rio Itacambiruçu", which is already consecrated in the literature, we propose naming it "Rio Itacambiruçu Supersuite", integrating the Archean potassic granitoids with calc-alkaline signatures of the Pedra do Urubu and Barrocão suites.
Considerations on the crustal evolution of the Itacambira-Monte Azul block and correlations with other Archean blocks
The Archean evolutionary history of the São FranciscoCongo paleocontinent is polycyclic and records events extending from the Paleo-to Neoarchean (e.g., Martin et al. 1997 , Barbosa & Sabaté 2004 , Barbosa et al. 2013 , Farina et al. 2015 , Zincone et al. 2016 . The integration of the results obtained in this work with the results of Silva et al. (2016) shows that the Archean evolution of the BIMA extends from the Paleo-to Neoarchean and comprises at least four distinct tectono-magmatic events. The first magmatic event is dated to 3.37 Ga and was responsible for the generation of the TTGs of the Porteirinha Complex (Silva et al. 2016) . The second event, dated by Silva et al. (2016) to 3.14 Ga, is characterized by the zircon metamorphic overprinting developed in the rocks of this complex. The textural aspects of these zircons indicate that this metamorphic event reached granulite-facies conditions. The third event, defined from the results of the present work, was responsible for the reworking of the Paleoarchean continental crust at approximately 2.92 Ga. In this event, the partial melting of rocks similar in composition to the Porteirinha Complex TTGs under low-pressure and relatively high-temperature conditions was responsible for the generation of the medium-potassium-group granitoids of the Pedra do Urubu Suite. The last Archean event described in the BIMA, dated to ca. 2.66 Ga by Silva et al. (2016) , was responsible for the generation of the BAp high-potassium syenogranites from the fluid-present partial melting of the medium-potassium Mesoarchean granitoids.
Briefly, based on the currently available data, the Paleoarchean rocks of the BIMA are dominated by TTGtype sodic-signature rocks. The transition from sodic to predominantly potassic calc-alkaline magmatism occurred during the Mesoarchean. The potassic granitoids commonly mark the stabilization of Archean continental land masses and are related to post-collisional, extensional setting tectonic events (Whalen et al. 2004 , Frost et al. 2006 , Smithies & Champion 2000 , Peng et al. 2013 , Laurent et al. 2014 , Fu et al. 2017 , Zincone et al. 2016 . In this sense, the Mesoarchean tectono-metamorphic event described by Silva et al. (2016) may be related to a possible collision between distinct Archean blocks (or nuclei), resulting in significant crustal thickening with subsequent lithospheric delamination followed by gravitational collapse. The presence of magmatic epidote suggests that the ascent and emplacement of this magma occurred within a short period of time (Jayananda et al. 2006) . This fact, together with the relatively low-pressure conditions estimated for its source, is consistent with the interpretation of an extensional environment for the generation of these granitoids. The lithospheric delamination process would have provided the thermal inflow necessary for the partial melting of the TTGs of the Porteirinha Complex, thus allowing for the generation of the medium-potassium-group granitoids.
Because current knowledge about the Paleo-to Mesoarchean rocks in the BIMA is still limited, their correlation with the other blocks that comprise the basement of the São Francisco paleocontinent is restricted. However, some considerations can be made. In the southern portion of the São Francisco Craton (Fig. 1) , within the Belo Horizonte, Santa Bárbara, Bação and Bonfin complexes, medium-K granitoids with TTG-like signatures formed by the mixing of melts produced by the partial melting of metabasalts and TTGs were generated during the Rio das Velhas I (between 2.92 and 2.85 Ga) and Rio das Velhas II (between 2.80 and 2.76 Ga) events , Farina et al. 2015 . During the later stages of both of these events, Farina et al. (2015) described the generation of the so called kfs-bearing granitoids, which were formed exclusively by the reworking of TTG rocks. The crystallization age of 2917.5 ± 9.2 Ma obtained for the PUp granodiorite is consistent with the beginning of the Rio das Velhas I event; however, its chemical signature is not related to the rocks generated during this period. In fact, the signatures of the PUp and the RGp resemble that of the kfs-bearing granitoids (Figs. 5, 6, 8, 10 and 11) . Thus, it is possible that the rocks of the medium-potassium group represent the stabilization of the previously proposed event, which would have preceded the Rio das Velhas I event.
During the course of the Neoarchean, the high-potassium group marked a new crustal stabilization event. Neoarchean potassic granitoids with ages between 2.75 Ga and 2.6 Ga produced by crustal reworking are common in the Gavião block, which is located to the north of the BIMA, as well as in the southern São Francisco craton ( Fig. 1C ; Cruz et al. 2012 , Santos-Pinto et al. 2012 , Farina et al. 2015 , Moreno et al. 2017 . Consequently, ca. 2.6 Ga, all of the Archean continental crust exposed in the BIMA, the Gavião block and the southern core of the São Francisco craton would have constituted stable continental blocks.
However, to better understand the Archean evolution of the Itacambira-Monte Azul block, detailed lithochemical and isotopic analyses should be carried out on the other plutons of the Rio Itacambiruçu Supersuite, as well as on the various lithotypes that constitute the Porteirinha Complex. With these data, it will be possible to define their evolutions with greater reliability and thus to make more precise correlations between the other Archean blocks that comprise the substrate of the São Francisco-Congo paleocontinent.
CONCLUSIONS
The petrographic and geochemical results obtained for the Pedra do Urubu, Rio Gorutuba and Barrocão plutons, in addition to the U-Pb geochronological results performed in this work and those obtained by Silva et al. (2016) , yield the following conclusions: ■ two Archaean crustal reworking events that generated potassic granitoids can be distinguished in the BIMA; ■ these granitoids can be divided into a medium-potassium group, in which the granodiorites and monzogranites of the Pedra du Urubu Suite are classified, and a high-potassium group, which is represented by the syenogranites of the Barrocão Suite. These rocks are inserted in the Rio Itacambiruçu Supersuite; ■ during the Mesoarchean, the partial melting of TTG-like sources under low-pressure and relatively high-temperature conditions formed the granodiorite magmas of the Pedra do Urubu pluton. The fractional crystallization of this magma, which was dominated by the fractionation of accessory phases such as titanite, allanite, epidote and zircon, formed the Rio Gorutuba magma; ■ during the Neoarchean, another crustal reworking event generated the precursor magma of the Barrocão pluton. The origin of this magma is probably related to the fluid-present partial melting of the medium-potassium-group granitoids; ■ the lower intercept ages ca. 530 Ma indicate that the rocks of the Rio Itacambiruçu Supersuite were affected by the Brasiliano tectonometamorphic event.
